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(57) ABSTRACT

An air-conditioning system is provided for an automobile
comprising an interior air-conditioning module, which can be
connected in a heat-transporting manner to at least two cool-
ant-carrying cooling circuits of the automobile via valves
(e.g., controllable or adjustable valves). A controller is also
provided that is configured to control the valves in such a
manner that those cooling circuits having the higher coolant
temperature can be connected in a heat-transporting manner
to the interior air-conditioning module. A method is also
provided for operating an air-conditioning system.

12 Claims, 2 Drawing Sheets
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1
AIR-CONDITIONING SYSTEM FOR AN
AUTOMOBILE AND METHOD FOR
OPERATING AN AIR-CONDITIONING
SYSTEM OF AN AUTOMOBILE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to German Patent Appli-
cation No. 102010048853.4, filed Oct. 19, 2010, which is
incorporated herein by reference in its entirety.

TECHNICAL FIELD

The technical field relates to an air-conditioning system
and a method for operating an air-conditioning system, which
comprises at least two coolant-carrying cooling circuits and
an interior air-conditioning module.

BACKGROUND

Air-conditioning systems are known in the prior art.
Almost every automobile has a heater for the passenger com-
partment in order to achieve pleasant temperatures in the
passenger compartment and to prevent misting up of the
windowpanes, particularly the windshield. Automobiles fre-
quently also have air-conditioning systems, with which inte-
riors can be cooled. In conventional automobiles, the air-
conditioning system acquires the necessary thermal energy
from the waste heat of an internal combustion engine. In the
case of highly efficient internal combustion engines, for
example, modern diesel-operated engines and/or in the case
of large interior volumes, auxiliary heaters are provided in
some cases in order to be able to heat the interior more rapidly.

Due to the operating principle, vehicles driven by electric-
ity produce less waste heat than vehicles driven by internal
combustion engines. Therefore electrical auxiliary heaters in
particular are absolutely essential in such vehicles. Since the
range of electric vehicles is limited, the use of electrical
auxiliary heaters causes a considerable reduction in the pos-
sible range of electric vehicles. Known from US 2009/
0280395 Al is a thermal system for a battery of an automo-
bile, which is coupled to an air-conditioning system of the
automobile.

It is therefore the object to provide an air-conditioning
system that ensures a high yield of the waste heat produced in
order to thereby reduce the energy consumption required for
the interior heating. In addition, other objects, desirable fea-
tures and characteristics will become apparent from the sub-
sequent summary and detailed description, and the appended
claims, taken in conjunction with the accompanying draw-
ings and this background.

SUMMARY

An air-conditioning system is provided for an automobile
comprises an interior air-conditioning module that can be
connected in a heat-transporting manner to at least two cool-
ant-carrying cooling circuits of the automobile. Such an inte-
rior air-conditioning module usually comprises a heat
exchanger via which heat transported through the coolant can
be delivered to the interior. For this purpose, for example, a
fan can be provided, which delivers the heat of the heat
exchanger to air which is blown into the interior.

Furthermore, a regulation or control is provided, which is
configured to control the controllable or adjustable valves in
such a manner that those cooling circuits having the higher
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coolant temperature can be connected in a heat-transporting
manner to the interior air-conditioning module. In this way,
the waste heat removed from a unit of the automobile can be
used for heating the interior and the overall efficiency of the
automobile can be improved.

According to a first possible further embodiment, it can be
provided that the at least two coolant circuits are coolant
circuits of an electric or hybrid vehicle. In particular, electric
vehicles or electric-motor assisted vehicles produce very little
waste heat compared with internal combustion engines so that
optimizing the air-conditioning system can in particular con-
tribute to reducing the energy consumption and therefore to
increasing the range.

According to a further embodiment, it can be provided that
the at least two cooling circuits are each provided with tem-
perature sensors, which sensors are connected to the control
or regulation in a signal-conducting manner. The cooling
circuit having the higher temperature can thus be reliably
selected.

According to a further embodiment, it can be provided that
the atleast one of the cooling circuits is a drive cooling circuit,
a power electronics cooling circuit, a charger cooling circuit,
a battery cooling circuit, and/or an air-conditioning system
cooling circuit. In electric or hybrid vehicles the aforesaid
units, drive power electronics, charger, battery, and/or air-
conditioning system deliver waste heat which can be used for
interior heating.

According to a further embodiment, it can be provided that
the at least two cooling circuits have a common cooler. In this
way, the number of required components can be restricted.

Alternatively, according to a further embodiment it can be
provided that the at least two cooling circuits have separate
coolers. The size of the individual coolers can thus be reduced
compared with a common cooler, which makes it easier to
arrange the coolers in the vehicle.

According to a further embodiment, a cooling circuit can
be provided for interior cooling. Such a cooling system or
such an air-conditioning system significantly enhances the
comfort.

According to a further embodiment, it can be provided that
the cooling system is configured for cooling units of the
automobile. In some units, for example, a battery of an elec-
tric or hybrid vehicle, it is necessary to maintain a suitable
operating temperature. In the case of the battery, a complete
energy yield is only achieved within a certain temperature
range. At high outside temperatures the cooling capacity of
normal waste heat systems can in some cases not be sufficient
to ensure the suitable operating temperature. This can be
achieved, however with the aid of coupling such a unit to an
air-conditioning cooling system.

According to a further embodiment, it can be provided that
at least one or more of the at least two cooling circuits each
have a bypass for the units to be cooled. In this way, an
undesirable removal ofheat from the units, particularly at low
ambient temperatures, can be prevented and a rapid attain-
ment of the operating temperature can be achieved.

According to a further embodiment, it can be provided that
for the at least two cooling circuits at least one bypass is
provided around the interior air-conditioning module. In this
way, heat transfer to the interior air-conditioning module can
be prevented when no heat is required for heating the interior.

According to a further embodiment, it can be provided that
the controllable or adjustable valves are configured at least in
part as three-way valves. With the aid of three-way valves,
coolant flows in the air-conditioning system can be reliably
controlled and the complexity of the system can be reduced.
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A method is provided for operating an air-conditioning
system of an automobile which comprises at least two cool-
ant-carrying cooling circuits, controllable or adjustable
valves for controlling or regulating the coolant flow, a regu-
lation or control, and an interior air-conditioning module,
where the control controls the controllable or adjustable
valves in such a manner that that in each case the cooling
circuits having the higher coolant temperature is connected in
a heat-transporting manner to the interior air-conditioning
module if a heat output to the interior air-conditioning system
is required.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will hereinafter be described in con-
junction with the following drawing figures, wherein like
numerals denote like elements, and:

FIG. 1 shows an interior air-conditioning system according
to a first embodiment; and

FIG. 2 shows an interior air-conditioning system according
to a second embodiment.

DETAILED DESCRIPTION

The following detailed description is merely exemplary in
nature and is not intended to limit application and uses. Fur-
thermore, there is no intention to be bound by any theory
presented in the preceding background or the following
detailed description.

FIG. 1 shows an air-conditioning system 2 according to a
first embodiment. The air-conditioning system 2 comprises
two cooling circuits 4 and 6, where the cooling circuit 4 serves
to cool an electric drive motor 8 and the cooling circuit 6 is
configured as an air-conditioning system cooling circuit and
at the same time serves to cool a battery module 10. Both
cooling circuits 4, 6 remove waste heat via a common cooler
20 to the surroundings.

The battery module 10 has a temperature-control circuit 12
in which a coolant is pumped via a pump 14 through a heat
exchanger 16, which is thermally coupled to the air-condi-
tioning system cooling circuit 6 by means of a cooling circuit
50. Furthermore an auxiliary heater 18 is provided. Depend-
ing on the temperature of the battery module 10, heat can be
withdrawn from the temperature-control circuit 12 by means
of'the heat exchanger 16 or heat can be supplied by means of
the auxiliary heater 18 in order to bring or keep the battery
module 10 at operating temperature.

The cooling circuit 4 for cooling the electric drive motor 8
is described starting from the cooler 20. Located downstream
of the cooler 20 in the flow direction of the coolant is a
Y-distributor 22 having an inlet a and outlets b, c. A pump 24
for conveying the coolant is provided along the connection
a-c, which supplies the coolant to power electronics 26 to be
cooled. A three-way valve 28 having an inlet a and outlets b,
¢ makes a connection to the electric drive motor 8 via the
outlet ¢ when the connection a-c is switched to open. When
the connection a-b is switched to open, the drive motor 8 is
bypassed, which for example brings about more rapid heating
of the electric drive motor 8 at low ambient temperatures.

A temperature sensor 30 is provided in the cooling circuit
4 after the electric drive motor 8, which sensor measures the
coolant temperatures, in particular the current maximum
coolant temperature, in the cooling circuit 4.

Another three-way valve 32 switched thereafter makes a
connection with a Y distributor 34 via the connection a-c,
which for its part is connected to another three-way valve 36.
The cooling circuit is closed toward the cooler 20 by means of
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the connection a-c of the three-way valve 36. A bypass around
the cooler 20 is provided via the connection c-b of the three-
way valve 36, which at low ambient temperatures enables the
operating temperature of the coolant to be reached more
rapidly.

The cooling circuit 4 is connected via the connection a-b of
the three-way valve 32 to an air-conditioning module 38,
which comprises a heat exchanger 40 for heating the interior
and a heat exchanger 42 for cooling the interior. The cooling
circuit 4 then makes a connection to the heat exchanger 40. An
auxiliary heater 44 is connected upstream of the heat
exchanger 40. The heat exchanger 40 is connected to the
Y-distributor 34 and thereby closes the first cooling circuit 4.

Depending on the position of the three-way valve 32, there-
fore flow either takes place or does not take place through the
heat exchanger 40 in the first cooling circuit 4. The air-
conditioning system cooling circuit 6 is also described start-
ing from the cooler 20. Coolant flowing via the Y distributor
22 via the connection a-b is conveyed with the aid of a pump
46 to a condenser 48, at which a cooling circuit 50 delivers its
heat to the air-conditioning system cooling circuit 6.

A second temperature sensor 49 is provided at the position
of maximum temperature of the coolant in the second cooling
circuit 6. Located downstream of the condenser 48 is a three-
way valve 52 which makes a connection to the heat exchanger
40 via its connection a-b and bypasses the heat exchanger 40
via its connection a-c. Depending on the position of the three-
way valve 52, heat can therefore be delivered from the air-
conditioning system cooling circuit 6 to the heat exchanger 40
of the air-conditioning module 38 for heating the interior of
the automobile.

The cooling circuit 50 is described starting from the heat
exchanger 16 toward the temperature-control circuit 12 of the
battery module 10. Conveyance of the coolant in the cooling
circuit 50 is accomplished with the aid of a pump 54. After the
pump 54 the cooling circuit 50 opens into the condenser 48.
Since the cooling circuit 50 is used both for interior cooling
via the heat exchanger 42 and also for cooling of the battery
module 10, two expansion valves 56, 58 are provided. Via a
branch 60 coolant is conveyed in the cooling circuit 50 partly
through the heat exchanger 42 and partly through the heat
exchanger 16.

The cooling circuit 50 is preferably operated with a refrig-
erant as coolant. The refrigerant can, for example, be tet-
rafluorethane (R-134a) or tetrafluoropropene (R-1234yf).
The pump 54 is preferably configured as a compressor by
which means the refrigerant is compressed. The refrigerant is
then fed to the condenser 48 in which the refrigerant is cooled
by delivering its heat to the air-conditioning system cooling
circuit 6.

After flowing through the condenser 48, the refrigerant is
present substantially in liquid form. The refrigerant is then
fed to the expansion valve 56 by which means the pressure of
the refrigerant is reduced. From the expansion valve 56 the
refrigerant is fed to the heat exchanger 42 which preferably
acts as a vaporizer so that the refrigerant is heated on flowing
through the heat exchanger 42. For this purpose the heat of the
air from the interior of the passenger compartment of the
automobile is used so that the air of the interior of the pas-
senger compartment is cooled in this way. After flowing
through the heat exchanger 42 the refrigerant is present sub-
stantially in gaseous form.

At the branch 60 some of the refrigerant is fed via the
expansion valve 58 to the heat exchanger 16 which preferably
acts as a vaporizer. By means of the heat exchanger 16 heat is
extracted from the cooling medium for cooling the battery
module 10 and is fed to the refrigerant. In this way, the heat
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produced by the battery module 10 is delivered via the cool-
ing circuit 12 to the refrigerant of the cooling circuit 50 and
the battery module 10 is cooled. After flowing through the
heat exchanger 16, the refrigerant is present substantially in
gaseous form.

The cooling circuits 4, 6, and 12 are preferably operated
with a cooling liquid as coolant, in particular with water or a
mixture of glycol and water, whose state of aggregation
remains unchanged within the respective cooling circuit 4, 6
or 12. A common compensating container 60 is assigned to
the cooling circuits 4, 6, and 12. It can also be the case that a
separate compensating container is assigned to each of the
cooling circuits 4, 6, and 12. The compensating container 60
is preferably an expansion vessel. By means of the compen-
sating container 60 the predefined or set pressure inside the
cooling circuits 4, 6,12 can be held approximately at the same
level so that any temperature variations of the coolant in the
cooling circuits 4, 6, 12 and associated volume changes of the
coolant are not made noticeable or only made insignificantly
noticeable in a change of the pressure inside the cooling
circuits 4, 6, or 12.

During operation the control of the air-conditioning system
2 depends on the coolant temperatures at the temperature
sensors 30, 49 and on the heat requirement in the interior. For
this purpose a controller 64 is provided, which is connected to
the three-way valves 32 and 52 and the temperature sensors
30, 49. If the interior of the automobile needs to be heated, it
is determined by the controller 64 with the aid of the tem-
perature sensors 30, 49 which of the cooling circuits 4, 6 has
the higher coolant temperature. If the coolant temperature is
higher in cooling circuit 4, the three-way valve 32 is switched
with the aid of the controller 64 in such a manner that inlet a
is connected to outletb. The three-way valve 52 is switched in
such a manner that inlet a is connected to outlet c. Conse-
quently the heat exchanger 40 only has coolant flowing
through it from the cooling circuit 4.

It ahigher temperature prevails in the cooling circuit 6, the
three-way valve 52 is switched by the controller 64 in such a
manner that inlet a is connected to outlet b and three-way
valve 32 such that inlet a is connected to outlet c. In this way
the coolant from cooling circuit 6 flows through the heat
exchanger 40. Coolant from cooling circuit 4 is passed around
the heat exchanger 40 to the Y distributor 34. If there is no heat
requirement, three-way valve 52 can be switched in such a
manner that inlet a is connected to outlet ¢ and three-way
valve 32 in such a manner that inlet a is connected to outlet c.
The heat exchanger 40 is therefore bypassed by both cooling
circuits 4, 6.

FIG. 2 shows a second embodiment of an air-conditioning
system 102. The air-conditioning system 102 has two cooling
circuits 104, 106, where the cooling circuit 104 is used for
cooling an electric drive motor 108. Cooling circuit 106 is
configured as an air-conditioning system cooling circuit and
is used inter alia for cooling a battery module 110. The battery
module has a temperature-control circuit 112, comprising a
pump 114 and a heat exchanger 116, by which means the
temperature-control circuit 112 can deliver heat to the air-
conditioning system cooling circuit 106. An auxiliary heater
118 can increase the coolant temperature in the temperature-
control circuit 112 if necessary.

The cooling circuit 104 is connected to the first cooler 120.
Coolant flow is achieved with the aid of a pump 124. The
cooling circuit 104 cools power electronics 126. The electric
drive motor 108 can be cooled by means of the three-way
valve 128 via the connection a-c and a bypass to this can be
made via the connection a-b. A temperature sensor 130 is
connected downstream of the electric drive motor 108.
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A three-way valve 132 produces a coolant flow back to the
cooler 120 via the connection a-b. With the aid of the three-
way valve 136, the cooler 120 can be bypassed for the purpose
of' more rapid heating of the coolant in the first cooling circuit
104. A connection to an air-conditioning module 138 is made
via the connection a-c of the three-way valve 132, which
module comprises a first heat exchanger 140 and a second
heat exchanger 142, where the heat exchange 140 has coolant
of the first cooling circuit 108 flowing there through. An
auxiliary heater 144 is used as required to increase the coolant
temperature in the heat exchanger 140 of the air-conditioning
module 138. The three-way valve 145 closes the first cooling
circuit 104 via the connection b-c.

The second cooling circuit 106 has a pump 146 which
affects a coolant flow. Heat is delivered to a cooler 147. A
condenser 148 is used to absorb heat in the air-conditioning
system cooling circuit 106. The highest temperature in the
air-conditioning system cooling circuit 106 is measured with
the aid of the temperature sensor 149. The air-conditioning
system cooling circuit 106 is connected via the condenser 148
to a cooling circuit 150.

The three-way valve 152 makes a connection to the cooler
147 via its connection a-c and produces a coolant flow to the
air-conditioning module 138 via its connection a-b. A three-
way valve 153 is used to bypass the cooler 147 in order to
bring the coolant in the air-conditioning system cooling cir-
cuit more rapidly to operating temperature. The cooling cir-
cuit 150 is preferably operated with a refrigerant as coolant,
for example, R-134a or R-1234yf. The cooling circuit 150
comprises a pump 154 which is preferably a compressor. A
refrigerant flow is accomplished with the aid of the pump 154,
whereby the refrigerant is compressed. Expansion valves
156, 158 located downstream ofthe condenser 148 are used to
reduce the temperatures of the refrigerant. The heat
exchanger 142 of the air-conditioning module 138 is located
downstream of the expansion valve 156. The heat exchanger
160 to the temperature-control circuit 112 of the battery mod-
ule is located downstream of the expansion valve 158. The
refrigerant is distributed with the aid of a branch 160 to the
heat exchangers 142 and 116.

In the embodiment of the air-conditioning system cooling
circuit according to FIG. 2, as in the embodiment of the
air-conditioning system cooling circuit according to FIG. 1, a
compensating container 162 is provided, which is preferably
configured in the manner of an expansion vessel. The com-
pensating container 162 is assigned to the cooling circuits
104, 106 and 112 and keeps the pressure in these cooling
circuits 104, 106 and 112 substantially constant so that any
temperature variations of the coolant and associated volume
changes are not made noticeable or only made insignificantly
noticeable in a change of the pressure inside the respective
cooling circuits 104, 106, or 112. The cooling circuits are
preferably operated with water or a mixture of water and
glycol as coolant.

During operation the control of the air-conditioning system
102 depends on the coolant temperatures at the temperature
sensors 130, 149 and on the heat requirement in the interior.
For this purpose a controller 164 is provided to which three-
way valves 132 and 152 as well as temperature sensors 130,
149 are connected. Depending on the position of the three-
way valves 132 and 152, the heat exchanger 140 either has
coolant flowing through it from the first cooling circuit 104,
the air-conditioning system cooling circuit 106 or no cooling
circuit.

If a higher coolant temperature exists in the cooling circuit
104 than in the air-conditioning system cooling circuit 106,
the three-way valve 132 is switched to the connection a-c and
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the three-way valve 152 is also switched to the connection
a-c. Ifthe coolant temperature in the air-conditioning system
cooling circuit 106 is higher, if necessary the valve 152 is
switched to the connection a-b and the three-way valve 132 is
switched to the connection a-b. If there is no heat requirement
in the heat exchanger 140, the three-way valve 132 is
switched to the connection a-b and the three-way valve 152 in
the cooling circuit 106 is switched to the connection a-c so
that both cooling circuits do not flow through the heat
exchanger 140.

While at least one exemplary embodiment has been pre-
sented in the foregoing summary and detailed description, it
should be appreciated that a vast number of variations exist. It
should also be appreciated that the exemplary embodiment or
exemplary embodiments are only examples, and are not
intended to limit the scope, applicability, or configuration in
any way. Rather, the foregoing summary and detailed descrip-
tion will provide those skilled in the art with a convenient road
map for implementing an exemplary embodiment, it being
understood that various changes may be made in the function
and arrangement of elements described in an exemplary
embodiment without departing from the scope as set forth in
the appended claims and their legal equivalents.

What is claimed is:

1. An air-conditioning system for an automobile, compris-

ing:

a coolant loop having a first coolant circuit, a second cool-
ant circuit, a module circuit, and a bypass circuit;

a first three-way valve having a first inlet in fluid commu-
nication with the first cooling circuit, a first outlet in fluid
communication with the module circuit and a second
outlet in fluid communication with the bypass circuit;

a second three-way valve having a second inlet in fluid
communication with the second coolant circuit, a third
outlet in fluid communication with the module circuit
and a fourth outlet in fluid communication with the
bypass circuit;

an interior air-conditioning module connected in a heat-
transporting manner to the module circuit; and

a controller selectively controlling the first and second
three-way valves in response to a coolant temperature in
the first and second coolant circuits such that the module
circuit is in fluid communication with one of the first or
second coolant circuits which has a higher coolant tem-
perature while the bypass circuit is in fluid communica-
tion with the other of the first or second coolant circuits
which has a lower coolant temperature.

2. The air-conditioning system according to claim 1, fur-

ther comprising a temperature sensor in each of the first and
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second cooling circuits, wherein the temperature sensors are
connected to the controller in a signal-conducting manner.
3. The air-conditioning system according to claim 1,
wherein the first and second cooling circuits serve as cooling
circuits of a hybrid vehicle.
4. The air-conditioning system according to claim 1,
wherein the first and second cooling circuits serve as cooling
circuits of an electric vehicle.
5. The air-conditioning system according to claim 1,
wherein at least one of the first and second cooling circuits is
a drive cooling circuit, a power electronics cooling circuit, a
charger cooling circuit, a battery cooling circuit, and/or an
air-conditioning system cooling circuit.
6. The air-conditioning system according to claim 1,
wherein at least one of the first and second cooling circuits is
an air-conditioning system cooling circuit.
7. The air-conditioning system according claim 1, wherein
the first and second cooling circuits have a common cooler.
8. The air-conditioning system according to claim 1,
wherein the first and second cooling circuits have separate
coolers.
9. The air-conditioning system according to claim 1, fur-
ther comprising a cooling circuit for interior cooling.
10. The air-conditioning system according to claim ,
wherein the cooling circuit is configured as a cooling unit of
the automobile.
11. The air-conditioning system according to claim 10,
wherein the first and second cooling circuits comprise
bypasses for the cooling units.
12. A method for operating an air-conditioning system of
an automobile having a coolant loop including a first coolant
circuit, a second coolant circuit, a module circuit, and a
bypass circuit, and an interior air-conditioning module con-
nected in a heat-transporting manner to the module circuit,
the method comprising:
controlling first and second valves when a coolant tempera-
ture in the first coolant circuit is greater than a coolant
temperature in the second coolant circuit such that the
module circuit is only in fluid communication with the
first coolant circuit and the bypass module is only in fluid
communication with the second cooling circuit; and

controlling the first and second valves when the coolant
temperature in the first coolant circuit is less than the
coolant temperature in the second coolant circuit such
that the module circuit is only in fluid communication
with the second coolant circuit and the bypass module is
only in fluid communication with the first cooling cir-
cuit.



